The mammalian hearing organ, the organ of Corti, was studied in an in vitro preparation of the guinea pig temporal bone. As in vivo, the hearing organ responded with an electrical potential, the cochlear microphonic potential, when stimulated with a test tone. After exposure to intense sound, the response to the test tone was reduced. The electrical response either recovered within 10-20 min or remained permanently reduced, thus corresponding to a temporary or sustained loss of sensitivity.
The mammalian hearing organ, the organ of Corti, was studied in an in vitro preparation of the guinea pig temporal bone. As in vivo, the hearing organ responded with an electrical potential, the cochlear microphonic potential, when stimulated with a test tone. After exposure to intense sound, the response to the test tone was reduced. The electrical response either recovered within 10-20 min or remained permanently reduced, thus corresponding to a temporary or sustained loss of sensitivity.
Using laser scanning confocal microscopy, stimulus-induced changes of the cellular structure of the hearing organ were simultaneously studied. The cells in the organ were labeled with two fluorescent probes, a membrane dye and a cytoplasm dye, showing enzymatic activity in living cells. Confocal microscopy images were collected and compared before and after intense sound exposure. The results were as follows. (1) The organ of Corti could be divided into two different structural entities in terms of their susceptibility to damage: an inner, structurally stable region comprised of the inner hair cell with its supporting cells and the inner and outer pillar cells; and an outer region that exhibited dynamic structural changes and consisted of the outer hair cells and the third Deiters' cell with its attached Hensen's cells. (2) Exposure to intense sound caused the Deiters' cells and Hensen's cells to move in toward the center of the cochlear turn. (3) This event coincided with a reduced sensitivity to the test tone (i.e., reduced cochlear microphonic potential). (4) The displacement and sensitivity loss could be reversible. It is concluded that these observations have relevance for understanding the mechanisms behind hearing loss after noise exposure and that the supporting cells take an active part in protection against trauma during high-intensity sound exposure.
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Overstimulation by intense sound gives rise to several structural and f unctional effects in the organ of Corti, the mammalian hearing organ. The structural effects include a shrinking of the tectorial membrane (C anlon, 1987) , disruption of the tip-links of the stereocilia (Pickles et al., 1987) , fracture of the actin core and bending of the stereocilia (Engström et al., 1983; Saunders et al., 1991) , shortening and swelling of outer hair cell (OHC) bodies (Ulfendahl et al., 1993) , contortion, blebbing, and degeneration of the cell body (Spoendlin, 1971) , distension of the Deiters' cells (DCs) (Raphael et al., 1993) , swelling of the afferent nerve endings (Eybalin, 1993) , and degeneration of afferent neurons (Lim, 1976) . The morphological signs of damage are usually accompanied by several pathophysiological consequences (for review, see Saunders et al., 1991; Borg et al., 1995) . With few exceptions, the structural effects of noise trauma have been studied in material fixed at a certain point in a physiological experiment and processed for subsequent histological examination of sections from the embedded organ. We have recently developed a technique to perform laser scanning confocal microscopy (LSCM) of the living organ of Corti, vitally stained by fluorescent probes (Flock et al., 1998a) in an in vitro preparation of the guinea pig temporal bone (Ulfendahl et al., 1989) . This provides a possibility to observe all of the structures mentioned above, except the tip-links, and their response to acoustic stimulation, while at the same time recording electrophysiological events. Because the structure and function of the organ of Corti can be monitored for several hours , both immediate and long-term effects of acoustic overstimulation can be studied.
In a recent study, we combined electrophysiological recordings of cochlear potentials with simultaneous observations of organ structure and measurement of intracellular free calcium in the isolated temporal bone preparation (Fridberger et al., 1998) . A new structural phenomenon was found to develop as a consequence of intense sound stimulation, consisting of a narrowing of the width, or "contraction," of the organ. In ϳ50% of cases, the response was temporary and recovered, in part or completely, within 30 -45 min. In the remaining cases, the displacement was sustained and did not reverse within the time of observation. In the present work, we have explored the cellular origin of this structural effect using confocal microscopy, in combination with electrophysiological measurements of cochlear potentials during acoustic stress. We suggest that the displacement is a protective response of the organ of Corti against injury.
MATERIALS AND METHODS

The preparation
The present studies on the hearing organ were performed using temporal bones from pigmented guinea pigs maintained in an experimental cham-ber filled with tissue culture medium (Ulfendahl et al., 1989) . The animals were obtained from the Sahlin Animal Farm (Malmö, Sweden). The experiments were approved by the Ethics Committee of the Karolinska Institutet (permit no. N124/96), and all efforts were made to minimize animal suffering. The present report is based on 24 successf ul preparations. The temporal bone was mounted in a holder attached to the chamber, allowing rotations in two planes to provide proper alignment with respect to the optical axis of the microscope. A hole was drilled in the scala tympani of the basal turn of the cochlea and into which a thin plastic tube was inserted. The tubing was connected to a tank filled with oxygenated medium to which fluorescent probes could be added for direct application transport to the organ via the cochlear fluids. An opening was made in the bony shell covering the apex of the cochlea, allowing access to the organ for viewing and for microelectrode recordings (Fig. 1) .
V iewing
Incident light and video-enhanced microscopy. I lluminating the preparation from the side by fiber optics, the organ was tilted as much as possible to obtain a close to radial section (Fig. 2) in the most basal part of the exposed cochlear turn, while still permitting the insertion of the microelectrode above the bony shell of the cochlea (Fig. 1) . A 40ϫ water immersion objective (NA, 0.75; working distance, 1.98 mm; Z eiss, Oberkochen, Germany) was used for viewing. The light microscope image is formed by light diffracted from the specimen rather than by transmitted light, resulting in a Nomarski-like image. It was video enhanced by means of a television camera and an image processing system.
Confocal microscopy. Confocal microscopy was performed using an Medical Research Council 1024 system (Bio-Rad, Hertfordshire, UK) equipped with a krypton -argon laser providing using excitation in blue (488 nm) and appropriate emission filters for the two channels (585 nm long-pass and 522 nm bandpass filters). All preparations were double labeled as described previously (Flock et al., 1997 (Flock et al., , 1998a ) using two probes: RH414 (1-15 g /ml; Molecular Probes, Eugene, OR), a styryl dye staining cell membranes, and calcein AM-ester (4 M/ml), which is a substrate enzymatically cleaved in the cytoplasm in living cells to form a membrane-impermeant green fluorescent product. C alcein was added to the perf usion tank as soon as the perf usion started, whereas the more rapidly staining styryl dye was added ϳ30 min later. L SC M images were obtained in the x-y plane with the organ tilted with respect to the focal plane of the microscope so that the resulting optical section had an orientation with respect to the organ, as illustrated in Figure 2 . During an experiment, L SC M images were collected every 5-10 min to obtain a stack of 11 optical sections, each separated by 2.5 m. The stack thus covered a 27.5 m depth of tissue, corresponding to approximately four to five OHC s and four inner hair cells (IHC) along the spiral dimension of the organ. In a typical experiment, nine stacks would be collected, three before the first exposure, three after the first exposure, and three after the second exposure. Within the stacks, corresponding sections were selected and compared. Quantitative measurements of motion were measured using cellular structures that could be followed throughout the stack. Usually, this was a lipid droplet in a Hensen's cell (HeC) because its center is well defined.
Light microscopy. For light microscopy, glutaraldehyde was added to the perf usion tank to make a final concentration of 2.5%. The cochlear microphonic potential (C M) was observed until it vanished, and the preparation was transferred to fixative. For examination of the extent of cell damage, the apical cochlear turn was excised, mounted flat, and observed using differential interference contrast microscopy.
Acoustic stimulation
Sound deliver y. The external auditory meatus of the temporal bone was press-fitted against a rubber gasket coupled to a loudspeaker via a plastic connector. A probe microphone was inserted to measure the sound pressure close to the external auditory meatus. All sound pressure values are given as decibels relative to 20 Pa.
T he sound stimulus. The sound was presented as test tones generated by a custom-made computer program and a waveform generator. Because immersing the middle ear cavity in tissue culture medium restrains the motion of the ear drum, the sound reaching the cochlea is reduced by ϳ30 dB (Brundin et al., 1992) . Sound pressure level (SPL) is therefore given as the value measured by the probe microphone minus 30 dB. The test tone was presented in several ways: (1) as 140 Hz tone at 50 dB with a duration of 300 msec and a repetition rate of 300 msec; (2) as a frequency sweep from 60 to 500 Hz at a constant SPL, generating iso-intensity curves (in the text, these are called tuning curves); and (3) as a frequency sweep in which, for each frequency, the SPL measured by the probe microphone at the external auditory meatus was adjusted to produce a CM held at a constant preset amplitude, generating iso-response curves (compensated for frequency-dependent distortion in the acoustic system to a limit determined by a preset tolerance level, usually 3 dB).
Sound-e xposure. By this term, we refer to a high-intensity pure tone at 140 Hz. This was delivered as tone bursts as specified above. The intensity was stepped up from 80 to 110 dB in 6 dB steps and stopped at a chosen level, when the electrical response of the organ was affected. This final level was maintained for 5 min.
Motilit y thresholds. Lipid droplets in HeC s were taken into focus, and the sound intensity was increased until the displacement response could be seen and a threshold for it determined (Brundin et al., 1992) . The threshold was generally 70 -80 dB.
Electrophysiolog ical measurements
A glass microelectrode, with an impedance of 5-10 M⍀, was inserted through the Reissner's membrane into the scala media (Fig. 1) . The tip of the electrode was placed first against the Reissner's membrane by means of a micromanipulator attached to the platform. It was then advanced through the membrane in 10 m steps with a step motor-driven micromanipulator, held by the positioning manipulator. The C M was recorded by a DC amplifier, processed, and stored using a custom-made data acquisition program.
RESULTS
Internal organ structure Imaging and organ reconstruction
A general schematic view of the scala media and the organ of Corti is shown in Figure 1 , which also illustrates the location of the electrode recording the CM. Low-magnification (4ϫ objective) views of the cochlea with the apex opened are presented in Figures 3 and 4 . In Figure 3 , the cochlea is oriented with the apex facing straight up, and the organ of Corti is seen as a band spiralling down counterclockwise and disappearing beneath the bony overhang. In Figure 4 , the cochlea is tilted to give a plane of laser beam scanning close to that illustrated schematically in Figure 2 . The electrode, seen as an oblique dark band, was placed Figure 4 . Doublestaining with membrane dye (RH 414, red) and cytoplasmic enzyme dye (calcein, green). The same organ is seen with the two dyes separated in Figure 8 , and its electrophysiological response to sound exposure is shown in Figure 12 . Magnification, 345ϫ. so as not to obscure the view of the region of the organ where the images were acquired.
A high-magnification (40ϫ objective) view of the organ of Corti is shown in Figure 5 . It was obtained at the region indicated by the thin black line in Figure 4 . It is composed from two stacks of 11 images, one for each of the dyes, the membrane dye RH414 (red) and the cytoplasmic enzyme dye calcein ( green). The figure shows the sections superimposed, providing an extended depth projection. The images of the two dyes were acquired simultaneously and merged in the projection. The two dyes are presented separately (see Fig. 8a-d) . Each stack provided a volume of reconstructed tissue approximately five OHC s deep, which is sufficient to allow for a slight drift in focus of the preparation over time and for changes in focus caused by the displacement of the organ after noise exposure.
Dynamic changes in organ structure after noise exposure: displacement of the Deiters' and Hensen's cell comple x
The main purpose of the structural investigation was to search for the cellular origin of the decreased radial width of the organ of Corti seen in previous work from our laboratory (Fridberger et al., 1998) . Analysis of images was now made on LSCM image stacks to look for structural changes inside the organ after sound exposure. The corresponding images before and after noise ex- posure were centered around the heads of the pillar cells, and a movie was made flip -flopping between the two. The key result is illustrated in Figure 6a in which the L SC M image before noise is color coded in green, and the corresponding section after noise is coded in red. Figure 6b is a camera lucida drawing to help identify the structures seen in the image. Where the two sections completely overlap, the image is yellow, and where structures had moved with respect to each other, the green-red areas separate. The two superimposed sections show that, after sound exposure, the HeC s had moved in a direction toward the tunnel of Corti. Most of the movement generally occurred around a hinge point between the third row DC (DC3) and the third row OHC around which the outer part rotates. This motion was usually accompanied by a tilting of the reticular lamina around a hinge point located at the first row of OHC s. Three lipid droplets are seen inside an HeC. In the inset, a white arrow indicates the center-tocenter distance of motion. This distance is given as position in Figure 7 in which a negative value corresponds to a motion in the direction of the arrow.
The displacement could be reversed, in which case, no residual structural alterations remained in the organ. A residual structural effect was generally seen after exposure at an SPL of 106 dB or higher during the time limit of our experiments. In an unexposed preparation that had stable electrophysiological responses to the test tone, no relative motion between cells within the organ of Corti could be detected.
Effects of sound exposure on general cellular structure
The OHCs could swell and contract so that their bases with their nerve endings and the cups of the DCs are pulled up. OHCs shortened irreversibly in 11 preparations. This was accompanied by a sustained loss of CM. OHCs shortened reversibly in three preparations, and in three they elongated. The angle of the OHCs, with slender bodies, could change, their base swinging toward the tunnel of Corti. The package of OHCs plus DCs could swell symmetrically, row three pushing in the outward direction, row one pushing inward. Swollen phalangeal processes of DCs could then often be seen between the hair cells. In these cases, DC3 and HeCs could be seen to shift out toward the stria vascularis. Blebs could be seen to develop at the apical surface of the OHCs, and they would lose their enzyme activity, seen as a decease in the calcein stain. In general, rows three and two were more susceptible to damage than row one. In a number of preparations, the IHC performed a slight position shift or narrowing after sound exposure, moving its base toward the tunnel of Corti. The pillar cells are most stable and were never seen to buckle.
In Figure 8 , the hearing organ presented in Figure 5 is seen with the two dyes separated (before and after sound exposure). The membrane dye (Fig. 8a) showed straight, smooth OHCs before sound exposure, as well as distinct staining of IHCs and their innervating nerve endings, and cell walls of pillar cells, DCs, and HeCs. Intracellular membrane-bound organelles were stained to some extent. The calcein dye (Fig. 8c) staining (acquired simultaneously) showed the cytoplasm of both sensory and supporting cells. The pillar cells, HeCs, and cells forming the bottom of the tunnel of Corti were vividly stained, whereas staining of IHCs and second and third row OHCs was less intense. The deeper aspects of the DCs were only faintly seen.
The preparation shown in Figure 8 was exposed to four incidents of sound exposure. The first three did not affect the hearing organ, whereas the fourth caused drastic structural changes (Fig.  8b,d ), which were also accompanied by a reduction of the CM (see Fig. 12 ). In Figure 8b , swollen and contracted OHCs can be seen after sound exposure. In Figure 8d , a loss of calcein staining is seen, especially in the first row of OHCs, and a tilt of these cells toward the tunnel of Corti is seen. The inner region around the IHC, pillar cells, and supporting cells seemed intact.
In summary, the structural investigation showed that the organ of Corti displays two structural regions illustrated schematically in Figure 2: (1) an inner region, which is the most structurally stable part consisting of the IHC, inner and outer pillar heads, basilar membrane at the base of the inner pillar, and nerve fibers in the habenula region; and (2) an outer less stable region comprised of the OHCs and the third row of DCs plus the HeCs.
Distribution of structural damage
To determine to what extent the region of observation with the confocal microscope matched the region of damage, five preparations were fixed for light microscopic observation of the excised uppermost turn of the cochlea. We wanted to ascertain whether the damage was limited to the region of illumination with laser light, in which case we would be dealing with irradiation damage, or whether the region of damage was related to the sound exposure. Figure 9 shows the preparation from where Figure 5 and 8 were obtained. The preparation was fixed ϳ10 min after the images shown in Figure 8 , b and d, were obtained. It illustrates at the light microscopic level the extent of the region of noise damage in the preparation. Figure 9a illustrates schematically where along the Figure 9e , from region 2 at the more basal, high-frequency side of the turn, more extensive damage is seen. The cell bodies of the second and third row OHC s were swollen, and the first row was deranged and had lost its glistening appearance. Figure 9f is from region 3 f urther toward the basal portion of the accessible part of the coil and shows undamaged long slender OHC walls. Throughout the affected region, the sensory hair bundles appeared surprisingly regular and undisturbed. These results show that the area of damage is not limited to the area of laser illumination but is frequency-dependent, engaging not only the region under observation but also more severely an area on the high-frequency side of this site. Because of the limited time of observation, we cannot judge to what extent this damage was reversible.
Electrophysiological measurements
When the microelectrode penetrated the Reissner's membrane into the scala media (Fig. 1) , a CM was recorded in response to the test tone. Sweeping the frequency of the stimulating sound from 60 to 500 Hz changed the amplitude of the CM, showing a maximum at 145 Hz (SD, Ϯ9.4; n ϭ 21). At the best frequency, the amplitude of the CM was 0.22 mV (SD, Ϯ0.15 mV; n ϭ 21) in response to the applied test tone, which had an intensity of 49 dB SPL (SD, Ϯ7.3; n ϭ 19). At higher stimulus intensities, the CM became biased toward the positive direction, forming a summating potential. In the initial phase of an experiment, the CM and frequency responses were repeatedly recorded to check the stability of the preparation. Unless the organ was soundexposed, the response was stable for ϳ4 hr, although a gradual decline sometimes was seen. Figure 10 shows iso-response curves obtained before and after The reconstruction is the same as seen in Figure 5 , but here the two dyes (recorded in separate channels) are separated. The physiological effect on this organ is illustrated in Figure 12 . At the end of the experiment, the organ was fixed and examined using light microscopy, as shown in Figure 9 . Magnification, 390ϫ. two sound exposure sessions. The level of the test tone, measured at the external auditory meatus, needed to produce a CM of 2.5 V, is plotted as a f unction of stimulus frequency. Before sound exposure, the electrical response expressed a best frequency of 160 -200 Hz. After the first sound exposure, there was a loss of sensitivity on the high-frequency side and a downward shift of best frequency to 140 Hz. The second overexposure produced a further loss of sensitivity. The sensitivity loss was most pronounced on the high-frequency side, thus matching the distribution of structural damage shown in Figure 9 . When the intensity of the potentially traumatic sound exposure was increased step by step, the C M increased, saturated, and then diminished. It then stabilized at a reduced value. This sound exposure was maintained for 5 min. When the sound exposure was terminated, either the C M returned to its original amplitude immediately, giving tuning curves identical to those obtained before, or it recovered gradually (Fig. 7) . The recovery could be complete (Fig. 7, first exposure) or partial, leaving a residually reduced C M (see Fig. 12 ). The peak of the tuning curve was reduced in amplitude and shifted toward a lower frequency.
Displacement and sensitivity loss
In Figures 7 and 11 , the position of the HeC and the amplitude of the CM are plotted against time. After an initial control period, the organ represented by Figure 7 was stimulated in three sessions by tone bursts at 140 Hz with an intensity of 112 dB for 5 min. A structural change occurred during each sound exposure; the outer region moved toward the pillar cells, causing a change in position of 6.25 m (SD, Ϯ2.9; n ϭ 18). With time, the HeC s returned back toward their original location until the next exposure commenced. There was no other change in cell structure after the first and second sound exposure, but toward the end of the experiment, swelling of the third row of hair cells was seen. The CM followed the same pattern; after sound exposure, the sensitivity to the test tone was reduced. However, the loss was temporary in that the CM recovered toward its initial value. The recovery of the CM had a faster onset than that of the relaxation. This type of response was observed in 12 preparations after 32 presentations of sound exposure.
In the preparation presented in Figure 11 , only one sound exposure was made. The resultant change in position was 10 m and lasted for 30 min, after which a slow return to the original position took place over 90 min. The CM response was reduced and did not recover completely during the time of observation. The sole effect on structure was a reversible sideways swing of the OHCs toward the tunnel of Corti.
Another example of sensitivity loss is seen in Figure 12 . After establishing baseline conditions, the organ was exposed to 100 dB of sound for 5 min. This was well tolerated by the organ, and there was no detectable effect on internal organ structure. Also, the second and third exposures had no effect. However, when the SPL in the fourth exposure was increased to 112 dB, a 5 m displacement of the lipid granule was seen. It was accompanied by a substantial shortening of the OHCs and reduction of the CM, which did not reverse during the time of observation. Because of the strong effect on the electrophysiological response, the sound exposure was prematurely interrupted. Despite this significant effect, structural changes were seen, as described above (Fig. 8) . This behavior was encountered in 10 preparations. Within the time of observation, the response did not recover. Figure 11 . L ong-term position shift and sensitivity loss. In this preparation, the structural recovery took 60 min, whereas the microphonic potential recovered only partially during this time period.
DISCUSSION
The present report demonstrates two new findings related to acoustic trauma. (1) There are two main and structurally distinct regions inside the organ of Corti in terms of structural conformational changes in response to exposure to intense sound: a stable region around the pillars and IHC s; and a dynamic region around the OHC s, DC s, and HeC s. (2) A dynamic, displacement develops during exposure to intense sound, causing the HeC complex to swing toward the OHC s. In addition, a loss of physiological sensitivity of the C M and a number of pathological changes in cell structure were detected after traumatic sound exposures. The findings will be discussed in this order below.
Two regions of structural resilience against acoustic trauma in the organ of Corti
When time-lapse sequences of events captured before and after sound exposure were viewed, motion and damage were seen to be the least in the region of pillar cells and IHC s and to be the greatest among the OHC s and their surrounding supporting cells. This is in line with previous knowledge about the distribution of noise trauma among the cells in the organ of Corti (Liberman and Dodds, 1984; K iang et al., 1986) . At the end of severe sound exposure, the outer region could be seen contracted with crumpled hair cells and loss of calcein-labeled enzymatic activity, whereas the pillar cells and the IHC retained structure and enzyme activity.
Sound-induced displacement and sensitivity loss
Dynamic contractions in the hearing organ were seen previously in relation to an increase in intracellular calcium in the OHCs and a drop in the CM (Fridberger et al., 1998) . In that study, the organ was viewed looking down at the surface of the sensory organ, and the origin of the motion was not possible to establish. However, with the tilt angle used in the present study, the organ was seen in close-to profile, and the components participating in the motion could be identified. It was found that the contraction consisted of a swinging motion of the DC3s, together with closely related HeCs (Fig. 2) , around a hinge-point generally located between the third row OHC and DC3. The DCs contain a complex and highly organized cytoskeleton (Slepecky, 1996) . A calcium-induced flexion of the phalangeal process of isolated DCs has been demonstrated by Dulon et al. (1994) and could be responsible for the observed motion. They speculate that the DCs may participate in a long-term regulation of cochlear micromechanics during intense sound stimulation.
Two types of shortening or lengthening responses of the OHCs were seen: (1) a reversible contraction or lengthening, sometimes coupled to a tilt toward the tunnel of Corti, resulting in slender undamaged hair cell bodies, or (2) a shortening coupled to a swelling of the cell bodies, followed by blebbing of the apical membrane and loss of enzyme activity. We also observed a swelling of the phalangeal processes of the DCs.
How is the displacement coupled to physiological sensitivity loss? We regard the displacement as a protective response of the organ of Corti to acoustic assault that could lead to injury. It is coupled to a loss of sensitivity of the organ to the test tone. If the intensity or the duration of the acoustic overexposure exceed the protective capacity of the hearing organ, sustained and possibly permanent damage to the OHCs may follow. In both instances, it is possible that calcium ions are involved, as proposed in previous work (Fridberger and Ulfendahl, 1996; Fridberger et al., 1998) , perhaps in relation to a depolarization of the hair cells (Cody and Russell, 1985) . These are the effects observed on the CM in our preparation, and it is suggested that they contribute, at the cellular level, to the temporary threshold shift and the permanent threshold shift seen after acoustic trauma. We further suggest that the reversible displacement or tilt of the outer region of the organ of Corti is caused by a contractile or disassembly-assembly mechanism in the apical part of the cytoskeleton in the DCs. The temporary sensitivity shift may reflect a protective mechanism, supplied by these cells, which uncouples the more vulnerable parts of the system from excessive mechanical load.
CONCLUSION
Two types of structural and functional responses were seen to high-intensity sound exposure. The first is a contraction of the DC and HeC region without any signs of damage to the organ of Corti. This was accompanied by a reduction in electrophysiological responses. The second is a contraction of the DC and HeC complex, without any signs of remaining damage to the IHCs but with pathological changes in the OHCs. This was accompanied by a reduction in electrophysiological responses.
We conclude that (1) the supporting cells around the OHCs in the organ of Corti contribute to a protective control mechanism against acoustic trauma; (2) the contraction is coupled to a sensitivity loss; and (3) when the protective capacity of the organ of Corti is overpowered, a sensitivity loss develops as a result of damage to the OHCs. We suggest that these events may be related to the development of hearing loss in vivo. Figure 12 . Sustained sensitivity loss. In this organ, there was no noticeable structural change or loss of cochlear microphonic sensitivity after the first three sound exposures. After the fourth exposure, a strong response is seen, with loss of electrophysiological sensitivity, a displacement of the lipid granule, and a shortening of the OHC s (indicated in the top as negative position).
